Cu/Sc2W3O12 metal-based composites with controlled coefficients of thermal expansion (CTEs) were successfully prepared via powder metallurgic method. The effects of Sc2W3O12 content, sintering temperature and sintering time on the thermal expansion properties were investigated in this paper. The results indicated that the optimum sintering temperature was 600℃. Increasing sintering temperature can promote the density of the Cu/Sc2W3O12 composite, but Cu-W alloy formed in the composite when sintering temperature rose to 700℃. The lowest CTEs of Cu/Sc2W3O12 composite can be controlled to 2.1×10 -6 K -1
INTRODUCTION
Due to the advantages of high thermal conductivity of copper matrixes and low coefficient thermal expansion (CTE) of ceramics, ceramics reinforced copper matrix composites (Cu-AlN [1] , Cu-SiC [2] ) have potential applications in electronic packaging materials. Nevertheless, the properties of thermal expansion cannot meet the increasing packaging intensity of semiconductor integrated circuit.
Negative thermal expansion (NTE) materials with low thermal expansion was used to adjust the thermal expansion of Cu composites. Verdon and Dunand [3] tried to synthesize Cu/ZrW2O8 composite with ultralow CTE, but failed. The results showed that ZrW2O8 occurred decomposition or phase transition easily which would cause thermal mismatch stress and further affect performance.
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As another member of NTE family, Sc2W3O12 shows negative thermal expansion in a wide temperature range from -263 to 927K [4] , and no phase transition appears in this temperature range. Moreover, its negative CTE (maximum is -11×10
) and structure stability are superior than that of ZrW2O8. Base on these striking properties, Sc2W3O12 may be suitable for synthesizing composites with other materials (copper [5] , YSZ [6] ) to effectively adjust thermal expansion.
In this paper, we prepared Cu/Sc2W3O12 composite via powder metallurgic method. The thermal performances of Cu/Sc2W3O12 composite were systematically studied at various scenarios (i.e., sintering temperature, sintering time).
EXPERIMENTAL
Sc2W3O12 powders were prepared by solid state method. Sc2W3O12 powders and Cu powders were mixed at different proportions and then were ground for 2h. The composite that contains 70% (mass fraction) Cu is denoted by Cu70, and the rest can be denoted by the same way. After that the uniform powders were pressed to form a cylinder with dimension of Φ10mm×3mm, then sintered in tube furnace with reducing atmosphere (Ar2 and H2) at 600℃ for 3h and the composite was obtained. Fig. 1 is the digital photographs of composites. From left to right, it is found that metallic luster gradually enhanced with the decrease of Sc2W3O12 ratio.
The crystal phase structure of products were analyzed by X-ray powder diffraction (XRD) analysis (D/max-2500, Rigaku, Japan) using CuKα radiation (λ=0.15418nm) with 40 kV/200 mA. The XRD patterns were collected between 2θ = 10°to 90° with a scan speed of 7° min -1 . Sample morphology was observed by Field Emission Scanning Electron Microscopy (FE-SEM) using a JSM-7001F JEOL (Japan) microscope equipped with EDS. The thermal expansion coefficient was measured by thermomechanical analyzer (TMA, NETZSCH-TMA402F3, Selb, Germany). The hardness of sample was measured by a HV-1000 (Shanghai) micro vickers.
RESULT AND DISCUSSION

XRD Analysis
The XRD patterns of Sc2W3O12/Cu composites prepared at different sintering temperatures were shown in Fig.2 (a) . It can be seen that the intensity of the characteristic peaks of Sc2W3O12 gradually decreased with the increase of sintering temperature. Cu0.4W0.6 alloy appeared in the composite while the sintering temperature is at 700℃, which attributes to Cu element combined with W element after suppression. So the sintering temperature was set as 600℃ to avoid alloying. Fig. 2 shows SEM micrographs of Sc2W3O12/Cu composites. It was observed from Fig. 2 (b) that uninterred composites had low consistency and some Cu particles separated from the Sc2W3O12 surface. Fig.2 (d) illustrates that porosity of the composites decreased after sintering, and it is evident that sintering process can improve the consistency of composite. The Fig. 2(c) , (e) shows SEM micrographs of composites after sintering 1h and 3h. It can be seen that the density of the composite is low after sintering for 1h. Sintering time can obviously improve the relative density of the composite, the combination of interparticles is more compact and the porosity is lower after sintering for 3h in Fig. 2(e) . 
SEM Analysis
Density Analysis
Archimedes principle was utilized to measure the density of Sc2W3O12/Cu composite. The samples were dried at 120℃ and then cooled to room temperature in glass drying vessel. After that, weight of above sample in air was denoted by W1(g), its suspending weight in the distilled water was denoted by W2(g). The density was calculated via formula (1).
) is the density of composites. The density of composites were shown in Table I . It is observed that density of samples increases with the increasing of sintering time and content of Cu from 40% to 100%. Obviously, the density of composite is closely related to sintering temperature and the highest density is 78.44%. However, it is reported that the Cu-based composite with high density is sintered around 1000℃ [7] , so low sintering temperature (600℃) was the main reason for the low density and high porosity.
Hardness Analysis
The hardness of Sc2W3O12/Cu composite was measured by Vickers, and the results are presented in Table II . It can be found that hardness can obviously be improved by increasing sintering time from 1h to 3h. Moreover, at the same sintering time, composite with higher content of Sc2W3O12 has higher hardness, and the maximum value is 174.1HV. This is mainly because Sc2W3O12 prepared by hydrothermal method are particles that have uniform size and high hardness. Furthermore, the Sc2W3O12 particles have stable property at high temperature. The above reasons promote hardness of composite. The strengthening effect is related to size of particle, separation distance and interface bonding.
Thermal Expansion Analysis
The thermal dilatometric curves of composites obtained at different sintering times are demonstrated in Fig. 3 and the relevant values are shown in Table III . In Fig.3 (a) , considerable fluctuation can be seen in the curves of Cu40 and Cu50 samples that were sintered for 1h, which indicates that sintering process is halfway. In Fig.3 (b) , after sintering 3h, the thermal expansion curves became stable. Controllable thermal expansion can be achieved by adjusting the volume fraction of Sc2W3O12 in copper matrix. The lowest thermal expansion value of Cu40 composite is found to be 2.1×10 
CONCLUSION
Sc2W3O12/Cu composites were synthesized by powder metallurgic method. The densification of Sc2W3O12/Cu composites has been promoted obviously by increasing sintering time. The optimum sintering time and temperature for high densification is 3h and 600℃,respectively. XRD analysis confirms that the formation of Sc2W3O12/Cu composite with no additional phase when sintering temperature is below 600℃. Controllable thermal expansion can be achieved by adjusting the volume fraction of Sc2W3O12 in copper matrix. The lowest thermal expansion value of Cu40 composite is found to be 2.1×10 
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